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assumption on which this guidance is based is thkt "hand^-on" 
experience is the most appropriate method, of teaching metric * 
measurements An additional premise is that studepts should learn to • 
think in the metric system, and not to convert from the English to 
the metric system. The handbook is divided into five sections. Aft^r 
t6e rationale for teaching the metric system is presented in part 
one, a variety of activities for t^eachers* use in developing 
pre-measurement and measurement skills is ^described in part two. 
Section three is designed to aid in the planning, and conducting of 
metric workshops, and section four, pn implementation, describes 
materials needed. A glossary* of terms and a bibliography comprise 
section five. (SD) 
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"FOREWORD 



Dear E<lucatoT: 



A changeover to the metric system appears to be inevitable in the United States. The International System 
of Measurement Units (SI) is a language that mos| of the world is already using. The transition is necessary 
in order to maintain our nation's competitive position in. world trade. In fact, many businesses and several 
industries IrTalready using the metric system to manufacture or measure their products. Others are 
developing plans for the changeover, or for ne\ff facilities for metric-based production. The metric system 
also offers several advantages to the educational process. It is a decimal system compatible wtJn the U.b. 
monetary and base ten numeration systems. Furthermore, the Units of lengtli, mass, area and volume are 
interrelated and therefore easy to learn. ' ' 

In tesponse to projected needs of Oregon's students and the adult community, the Oregon State Board of 
• education has adopted a resolution directing the State Department of Education to develop plans for the 
changeover to the Metric System of Measurement as the primary system of rtieasurement in Oregon schools, 
to be completely phdsed in by 19^3. Thfe guidelines for the new Oregon school graduation requirements 
Included the recommended metric measures (SI) in the Personal Development Section tinder Computa- 
tional Skills," ''Measurement with Metric" has be6n prepared to serve as a guide for anyone planning to 
conduct metric education worktops for teachers, or for the general public. Suggestions tateachers include 
measurement learnTng theory,~technical Jriformation about the metric system, and , many sample 
measurement diagnostic-learning activities. ' ' .s ^ 

An ad hoc metric advisory committee, consisting of representatives of industry, teachers, and 
administrators has provided valuable assistance in developina plans for metricatitm in Oregon. A 
"Measurement with Metric" work'^gonference on May 1, 1974, was attended by professional educators 
representing kindergarten t^fmigh university in several disciplines, as well as leadep orbusiness, industry, 
and others. The confete^s proyided the basic philosophy for the handbook. We are indebted to both grt)ups ^ 
for tfreiTcontributidn in develbpirtg plans for assisting Oregon schools in making th6 transition to metric 



measurement. 



For additional copies of this field test version of "Measurement with Metric,"*or ifor. assistance in organizing 
workshb^s on metric measurement, please contact the Metric Coordination Committee (Ray Thiess, Don. 
Fineran and Ralph Little) at^ the State Department of Education. 



Jesse Fasold 
Superintendent 
Public Instruction 
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PREFACE 



This handbook for""Measurement with Metric" presents one approach f ' 
metric system. It is designed to provide guidance in the development of, the bas.c concepts of 
SSreSt Vhe approach will lead to and include the use of the metric system. - 

A basic premise of this handbook is that concrete experiences-the "hands-on" approaph-is the 
best v^^y to le^rn meiurement. The "hAnds-on" activities are to be child-centered experiences 
tha SCize theTevel of competence (readiness) of each learner and build upon and expand 
inansqotsraue iiic icvci p x „„„„,:„„r»c u/iil oradna lv Bu de thfe learner to the 



that cofiy'D^tence The use of appropriate experiences will gradually guide thfe learner to the 
dtove3 me«nt concepts while at the same^t|Tne- exciting the learner's inte«.st and 

enthusiasm. • , ^ * , ^ ---u. ^ 

p - -« - 

The first section of this handbook explains the ration^ for adopting the metric system and the 
philosophy on which the suggested approach to teachin^metric is |iased. 

The second-section offers a variety of activities for the instructor to use. These activities may be' 
Led W diagnor the learner's understanding of ' pre-measurement skills and measurement 
concepts of length, mass, area, volume and temperature. 

The third section is designed to aid an instructor in planning and conducting worksh9ps for 
tea(^hing the nietric system. ^ ^ . \ 

Section four "implementation Decisions, Includes information about the materials needed to \ 
Implement a' de^Jion to "go metric." Minimum materials needed, their eost the approp^.ate- | 
ness of the materials and the use, of homemade materials are considered. The preparation of 
teachers through in-service sessions is also discussed. ' ^ 

A fclossaiC of measurement terms is given in Section. Five^and Section Six provides a 
^ bibliography of sources referred to throughout this handbook. ' 

The State Department of Education Metric Coordination Committee wishes to express its 
appreciation for the aid and advice received during the preparation of this handbook to the 
following: ■ \ ' 

1 Conferees of the "Measurement With Metric Conference" hosted by Linn-Benton Gonjmu- 
nit! Sege on May 2, 1974. This the -grassroots" Input from Individuals from , 
business, industry, education and the lay pubiic; 

2. Sub-group chairpersons at the May 2 cpnference; 

3. State Department of Education Ad Hoc Metric Education Committee; ^ 

4 Mr. J^se Fasold, State' Superintendent of Public Instruction, 

Mr. Leonard Kunzman, Associate Superintendent, Instructional Programs, 
Mr. Monty Multanen, Director, Career Programs, 

• Mr. Maurice Ek Burchfield, Director of Basic Education, 
and others at th^State Department of Education; 

5. State Board of Education for their affirn^ative action in adoptiijig a metric conversion policy; 

6. State Textbook Commission for fheir endorsement of th^ State Board's metric conversion 
policy statement as it applies to textbook selection criteria; ^ 

7. Mrs. Marjorie Covey who served as conferejTce reporter and assisted in development of the 
• handbook: 



8. Jerald R. Brown, Publications Editor, and Ge^irge SanriQle, draphic Artiit, bot^ 
Publications Staff; *^ i V 

9., Numerous'contributors of metric information articles from both in-state ajtf out-of-state^ - 



It 



SDE Metric Coordination Staff Committee 
{laxThiess (Chairman), Specialist , Science 
Ed&^ation * s» 
Don Finerah, Specialist, Math Education 
Ralph Little, Specialist, Construction/ 
Metals 

• July, 1974 , • 
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THE RATIONALE AND AOTHILOSOPHY 
FOR MEASURING WITH METRIC 



RATIONALE 



^*lt is a fact that the metric sys^m is coming to the United States. The present concern is 
* whether it will come 4n a haphazard manner, by bits and pieces, or if it will be implemented Jrl 

an organised manner. The adoption of the metric system in the Uriited States can be justifieJ 

by th^es^ternai advantages and the internal advantages of the system. 



EXTERNAL 
ADVANTAGES 



Some pf the external advantages of using the metric system are: , , 

1. International trade and business talk the same measurement language. • 

5. The' United States js the only major trading nation not now using or converting to the metric 
system as its primary measurement system. 

3. Major industries in the United States are rapidly expanding their use of metric measurement 

,4. More than 85% of surveyed businesses and industries in Oregon support conversion to the 
ITietric system. The favorable attitudes of Oregon bpsinesshnen wiere evident in their survey 
. ffc?sponses even though they recognized that increased costs would sometimes be incurred. 

5; In Oregon the State Board of Education is committed to a ten-year conversion period. On 
/june 6, J 974, fliey adopted a' resolution that calls^r a plan and procedure for conversion 
/ to the metric sVst^m in all phases of publio=sdta^operation in Oregon by 1983; and that 
/ criteria for the selection of textbooks in November 1976 include metric measurement as the 
/ prirnary system of measurement. ; ^ 

^. - j ^ . . ■ . . / 

is. The Oregon State! Textbook Commission has endorsed the State Board's resolution. 

7. Oregon school districts ^are preparing graduation requirements tfiat include metric 
understanding and usage. 



INTERNAL 
ADVANTAGES 



The iritfei^ advantages of the metric system are:- 



,t» The^m is developed on the same base ten system as 6ur numeration system. 

2. The units of' metric measurement are a logical system with Iarg3r units formed by using'a 
/ ^ multipleoflQ of the preceding unit. . 

^ 3. The simplicity of metrics is demonstrated by the convenience of our monetary system which 
has the same decimal base as the metric system. v ^ 

• ' . ^ 

4. All metric measurement units for mass, area and volume are based on metric units of length. 
\ The interrelationships among metric units promote easier understanding and comprehension 
of measurement concepts than the customary nonrelated measurements we now use. 



COST OF 
CONVERSION 



EXPECTATIONS 
OF THE 

IchaiQgeover 

PERiOb 



The cost to public school districts can be kept to a minimum. It is recommended that 
textbooks using metric measurement as a primary system of measurement be adopted in the 
normal pattern of textbook adoption. A'dditionaf supplies for teaching metric me^asurements 
can be minimal. Many instruments, such as meter sticks and centimeter sticks and balances are 
already available in the school's science supplie^. Other materials can be homemade. Homemade 
learning tools are inexpensive, and making thfem^ can serve as an effective learning activity. 

During the years; of transition from our customary system to the metric system, the rate of 
changeover will vatty in different sectors of sofciety. Some competence with both systems will be 
' needed during this period. Probably the most efficient way to handle the transition wil) be to 
have -two separate systems of measurement. The advantage of having separate systems is that all 
students will learn to THrNK METRIC. People should not be encouraged to rely on mental 
conversions between systems, as this may hinder rather than facilitate the adoption of a new 
sysfem. However, some general comparisons will b^ helpful. 

■ - \\ ■ 

" . .1. v 
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Children Jn the primary grades should learn basic measurement concepts with metric units used 
/as standard measurement units* Children now in the tipper elementary grades may be taught the 
f metric system as the primary system of measurement. 

Nniose teachers with expertise in.teaching measurement are encouraged to share their knowledge 
vvh^ others to help^^ them become familiar with the metric measurement system. They also can 
be of^reat service by helping the adult community learn the metric system as well as the entire 
voe^monal'-techhicaj <:ommunity. 

file method for teaching measurehrtent with, metric suggested in this handbook-the 
::0NTINU0US NONGRADED MEASUREMENT LEARNING APPROACH^and the premise 
Tthat concrete experiences {**hands-on*') is the best way to teach measurement draws heavily on 
the learning theories of Jean Piaget, Barbel I nhelaer^ Richard Cop^land, Robert Karplus, 
Herbert Thier and others* In the booklet "Diagnostic Learning Activities in Mathematics for 
Children," COpeland reviews Piaget's learning theories and points out teaching implications. He 
then'sta|es: v 

*V. .This knowledge develops in stages and is largely an internal process. It is not an 
acquired knowledge in the sense so' many think of, the familiar stimulus-response 
sequence, This ^places the problem of 'teaching' logico-mathematical knowledge in a 
whole new pontext. johnny mr.y not be able to learn certalifi ideas regardless of how he is 
, stimulatal until, aqertain point in time when he has the necessary mental structures 
. * , Another important function of the teacher is to provide an environment which allows 
ifhe child to explore physically the objects around him." 



A; 



Karplus and Thier in "A New Look at Elementary Sclippl Science" refer to Pia^t in the 
following passage: ' ■ * 

*This school of thought, has two related central ideas: (1) Children's intellectual capacity ' 
passes through a.nunrtber of qualitatively contrasting stages Nfore adulthood, and t(2) a 
child's interaction with his environment plays a very signi/icant.role in his transition from, 
one state to the next" . V ' ' 

It i^ in this spirit that the strategies In this handbook are offered, j 

Teachers are encouraged to. adopt programs based on both the basic concepts students need and 
the student's present level of readiness by using the CONTINUOUS NONGRADED MEASURE- 
MENT LEARNING APPROACH. This learning approJbh is nongraded/because students can 
.begin witjj concepts at whatever levePthey are ready for and thpn continue through subsequent 
learning levels In an orderly sequence. Because the background experience of each child gives 
him a varied amount of knpwiedge in different measurement concepts, it is important for the 
teacher to discover and. build ojpon the student's knowledge^ choosing activities appropriate to 
each student in each measurement, concept. Activities presented in the second section may be 
used as diagnostic tools and/or as learning experiences. 

The follb>ying chart illustrates the nature of the CONTINllOUS NONGRADEQ MEASURE- 
MENT LEARNING APPROACH. It presents four major measurement concepts: length, ma>< 
are^a and volume. A fifth concept, temperature, will be dealt with briefly later, the 
measurement concepts of time, money, and angles also should be {earned. However, since these 
concepts are not directly related to the metric system, they are not presented in this handbook. 

THE CONTINUOUS NONGRADED ME^tmEMENT LEARNING APPROACH 



Learning 
Levels 




Pre^Measurement 
Skills 


UpitCon- ^ 
#cept , 


''Standard 
Units- 


Measure- 
ment Ap- 




Conser- 
vation 


Compari- 
son 


Metric 
System 


plication . 
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\ \ 
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The Fiorizontal axis represents the sequence of learning levels. The vertical axis represents 
the Measurement concepts (length; masj, area, and volume) to be learned. 



The concept of kngth should be introduced first, because all other f^^^«'"?»^«<«?fP*'*'! ; 
based on length. However, students do not need to master all learning levels m length before 
being introduced to'mass. area and volumerMany learning activities can tnvojve^^^^^ 
concepts. The activities will .often lead to student progress, represented horizontal y apd 
vertically across the chart Students begin with th^ development of the prcmwmentskills^ . 
progressing to the nonstandard and standard measurement learning levels The student m^^ 
Progress at his ov^n learning rate, through the five levels of measurement. Individual learners 
may be at different learning levels for each of the measurement concepts at any givch-time. • 

The principle of conservation (constancy) of quantity states that length, mass, area indvo^^^ 
do not change under deformation, rearrangement or partitioning. This is a relatively advanced 
c^cSt It Ukes many "hands-on" experiences using manipulative materials before confma- 
S of Is^lly comprehended. Indeed, leading learning theorists generally agree that 
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Measurement is a way of describing things, usually by comparing, them to other objects. 
RecSirsimilarS and differences between and among^jects is the foundation on which ; 
unit Sfer^S^^t is built- Simple comparison begins at a veAearly age and grows 'ncreasing^ 
comolex^as learners 'develop skill in this area. Comparing andVstimating can be related. One 
ap^oach would ^h^^^ ^"^ ^^"^^ making, actual 

comparisons of concrete objects. — ^ 

• Qualitative Comparison: identifying' similar objects by one or more properties; color, 
shape, texture, pettiness, hardness, flexibility, etc. 



y///////M 



AO; > #> 4" A A no 

(Shape) 



(Color) 



(Shape) (Texture). 
• .Quanti4tive Comparison: recognizing objects that are larger, smkler, shortef. longer, etc: 

□ 






(Size) 



(Nfimber) 



(Size) 



(Slz^) 
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Matching: recognizing objects that .are tfie same in number, color, size* shape, texture, 
weight, etc. ■ 





<i 


1' , 1 


□ 






(No. Sides) 



(Size) 




(Colpr)' % , • 

• Ordetmg: being able to arrange various sized objects in order from the shortest to longest 
largest to snjallest, lightest to heaviest, etc. ' 
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The skills^ apd understandings of th^ first two, learning levels can be consitt^ed measurement 
readiness. Upon ac(^uiring co^npetenc^ at the first two levels, the learner is reaSy to experience 
activities designed to guide him to distrpvering the need for "units"; i.e., the ref^ated use of the 
^ sanje quantity for purposes of comparing a secortd and third quantity. The learner wiU find that 
while comparison was done with the uijaided senses, he nowtieeds more sophisticated means of 
measur^ment^to supplement his senses.Cjhus, the learner will be led tp phoose ?rbjtrary>inii 
of measurement and also appropriate meiasuring instjuments. . 

Start with .the use of nonstandard units^such as paper cfips (large size), pencil s^^'books, sticks, 
straws, flopr tiles, fingers, hands, etc: r . 

Experiences with a yariety of measuring irtstruments (all nonstandard) will demonstrate that: 
1, Objects can be measured in a variety of. ways. 

2^ Efficiency ip measuring comes from choosing an instrument appropw'ate to the object to be 
measured.^ . , , ' / • 

3. Some instruments provide a more accurate measure than others. 

4, Units of variou? sizes are needed (e.g., paper clif) units ^re satisfactory for measuring short ^ 
distances, but no^ so^ood for longer distances). 

Understandings acquired^at^'levels/, 2, and 3 provide the pterequisite foundation Yrom which 
the learner will discover the neiifl for standard units, not only lo dotixn consistent results, but ' 
also in order to communicate his findings- with others. - 
• ' ■ ^ ' ■ , . . ' '/^ ' 

• Est^ation and verification (Sf estimates Ai(ith thevnonstaodard units (and later with metric 
units) should be emphasized. Such^ experi^ce' brings the learner to^ think in terms of 
appropriately siz^d units, instrunfients an^ the reasonableness of his results. 

Having, discovered the need.for standard units, the learner is ready to meet the metric system. 
Here the teacher cap develop the logic of a measurernent system based, on ten that >ytll 
correspond with our numeration system as welf as our monetary system! 

• Metric units of length, are the basjs from^ wiilch units of mass, area and volume are derived. 
Therefore, units of length should be^'introduced first, with various prefixes being introduced as 
they are needed. . ■ ^ 



• However, for purposes of contirtiiity and comRleteness. and.also ^or illi^trating tbe^^^^ 
nareTie metric system, students need some work with aH six comAion prefixes. ^IMogw 
T^SSeTe system must be developed, even-though only the commonly used prefixes will 
be stressed. * Vo 

The following Metric Chart is presented here for several reasons: |l) tq show thejogic of the 
metric system. (2) to.show the origin of prefixes. (3) \o show the accepted written symbols, 
and (4) to emphasize the units that are commonly used.- 

\he units in boldface type are those tiSt will be learn.fed early and i»sed most often. Note that 
there are onrf four commonly used units length, two of volume and three of mass. ^ 



. METRIC CHART 



Bas6 
Unit 


Added . 

Latin 

Prefix 


Added 
Greek 
Prefix ^ 


• Results ' 


Written 

■ f 


Written 


Commonly 
Used 

a 


meter* 
meter 

meter 
Oictjcr 
.met^ 

rwcter 
meter 


mill! ; 

•centi 

deci 


d;eka ^ 
(deca) ^ 
h^cto 
■ kilo 


millinfieter 
centimeter^ 
decimeter ; 
meter ^ 
dekameter 

hectometer 
kilometer - 


0.001 m 
0.01m 

0,1 m 
m 

10 m 

lOOm 
1000 m 


1 mm 
1 cm 
1 dm 
m 

1 dam 

^ . 1 h/ 
^ I km 


Yes 
Yes 

, No ' 
Yek'. 
• \ ,No 


liter* 
liters 
liter 
liter. 

litel^-. 

liter/ 
.lifef 


mllli . 
centi 
; deci ^ 


deka"^ 
(deca) 
hjecto 
kilo 


milliliter 
' centiliter 

deciliter 
liter 
^ idekalit^r. * 

'ISectbriter 

%iIoliter 

. »?*■■ 


0.001 I 

,0.01 I 

0.1 / ■ • 

/' ^ ^ 

10/ 

100/ 
lOOO / 


1 ml 
Tc/ . 
1 d/ 
/ 

1 da/ 

1 h/ 
1 k/ 


Yes' > 

• 

Y«s\. . 

■ 

'?No 


gram* 

grs^m 
^ram 
gram 
gram 

gram 

kilogram* 


milli 
centi 
deci 


• — 

deka 
(deca)^ 
hecto 
kilo 


milligram 
. centigram 
decigram . 
gram 

dekagram . 

hectogram 
kilojgram 


d.ooi g 

0.01 g 
0.1 g 

g ' 
lOg • 

lOOg ^ 
1000^ 


1 mg 
■ 1 eg 
. "Tdg 

g 

1 dag 

1 hg ' 
1kg 


Y^s , 

'No • 
i\ Mo 
'■ Ves 

No . 
No 

Yes 



• meter: The metric base unit of length. A me^ is defined as 1 650 763.73 wave lengths in 

vacuum of the orange-red line of the spectrum ofkrypton 86- V - 

• liter: The metric't)ase unit.of volume (capacity). 'A liter Mefined as 1000 cubic 

centimeters (1000 cm^). . ,. ■ >k 

' Note'. The symbol for liter should be signified through the use qf italics Or cursive 

• form of the letter /, ej^cept when in combination. 

• kiloeram:the mass of o'ne liter of distilTed water at 4°C. ' ^ ^ . , 

• liote: Because the gram is rather small, thejcilogram has become the basic unit of 
. ' . mass in the metric system, the mass of 1 tv? distille^d water at 4°C is one gram. 



AND MONETARY 



'The metric prefixes can be related to the ajipropriate Values of the U. S. monetary system. 



KliETRICSAND < 
NUMERATION 



Monetary Values 


Metric Values 


dollar 11-00^ • 
dinre • ' .10 

c^t . ; ,6u 

mill , ^ ,001 


1 " meter 
• Q.I ' decimeter 
Q.Of centimeter 
0*001 millimeter 




. Thfe hietric. prefixes can also be related to the^lace values of byr base^ten numeration system. 



Numeration System 
(Place Vafues) 


, — '^r-^ ' ■ 

Metric System \ ^ 


"Thousands 1000 " ^ - 
Hundreds ^ 100 j' 
Tehs 10 * 
Ones n 
Tfenths- 0.1 
Hundredths ' - 0.01 > 
Thousandths 0.001 

a 


' ' ■ 1000 ■ moj 

100 H^cto 
• 10 . Deca 
3 • ' , Base 
0.1 . -'Deci. 
0.01 Centi 
-O'.00r . ; l^filli 



y 

1. ■ 



DECIMAt . . 
NATURE ' ' 



RULES 

for; 

SYMBOL 
USAGE 



ERIC 



>The previous chart implies thit a competency students need is^tfte "ability to multiply and. 
divide mentally by 10, 100, arid 1000. This will faciliute changing to smaller or larger metric' 
units, ' * * / ' \^ 

Learners should be encour-aged to use decimal notation (0,5. as one-half). The use of fractions in 
metric measurement should be minimized. ■ \' I ' * 

' • . • , ■■ . ' . • * - • • p 

The t>roper notation (symbols) should be taught from the beginning. Correct symbol usage is 
important, as it is used internatfonally in all languages. 

• , ■ « * ■ ' , • • - • ' ti- 

• ^6ome rules for the use of the I nternational System of Units (SI )*^ymBiots are: 

1, Symbofs of base units • " ^ ' * " 1 

meter m , y 



n\ 4 



square meter m-^ 
cubic meter m3 



- Liter"/ (not 1) 
Icilogram kg' 
degree Celsius % > 



( 



2. Metric symbols should not btticapitaiized nor followed by a period. 

3. The §ymbol for the plural is the s^me as foHhe singular 
■ ■ • ■ ■ • , / ^ i A ^ , V ^ ' ■ • 

4. JJrtits of area and volume mu^| be written with an exponer^t 2^nd 3 respectively: m2 kfYi2 ' 
m^, crp^ (The pharmaceutical >'cc" is noftised to indicate metric volume or capacity.) ' ' 

5. An ordinary lower case "f* cocftd be nrlrstaken for the numfer^l t; therefore, the .symbol 
should be written in italics or cur<5tve. - ■ " ' 



.6.There must be a space between th^ numerical ^alue and the symbol of the unif . 

' . « U'- • . , ■ ' « 

7. if a numerical/Value is.less than one (1), a zero must precede the dectrtal point: 0.5 instead 

of .5. . . a ■' ■ ■ 

* from the French spelling Systeme International U^tes 
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8. The degree symbol <Ms necessary with Celsius (^q^n 

{C)-A unit for measuring electrical current Kelvin has.no dSgree symbol, Alth,ougl^ kelvin. 
is the b^ ic SI unit for Isqlute temperature, Celsius is the inteljat.onally currenr""^^ of 
iemperaK preferred for most practical applications. Note: This was J,rev.pusly called 
"centigrade" in the United States, butCelsius in most other places. . 

Constant use and practice with the metric system are necessary to develop full understanding. 
Metric units should be used at every opportunity jn every Subject matter field. 

• All metrfc learning should continue to develop from "hands^n" activities arid experiences. 

• The importance- of &timatingan{l then verifying the estimation should be st^^^ ^ ^ 
" • Many activities should irm)lv? Jlirect measurement with meU.iCaUV scaled instruments. 

The 3Qtual?.ze units should be used,4.ot the scaled-down versions found in some commercial 



metric materials. \ 

As students' progress, emphasis should contirtue to be placed on choosing appropnate-i//J>te 6f 
measremeht (unit Jf length to measure length) along with appropriate mstruments mth which 
to measure (e.g., the balance to measure mass). ^ » ^ 

The importance of using the ^pproprMe/y sfzed unit should be stressed.^^Small units for smalt 
San^S^aXrgeS help provide convenience or a greater degree of 



accuracy m 



large 
i^easuremeht. 



V Learners have often been given the idea that measurement is an exact science. "Textbook 

Sit '^ 37" probably means the quantity is somewhere between 0.365 and 0.375. Even^ now 
awin learners should be reminded of the approximate nature of measurement. (In the 
fntt^Tof bSAhisliandbook^ does. n^ deal With precision, significant d.g.ts. greatest 
'possibleerrof and relative error.) / p ' " }, v 

There will be little need for conversiorr exercises between systenas. When necessary, conversion, 
' tables should be used rather than memorized conversion factors. . 

Some approximate comparisons are useful. ^ , • 

A meter is a little longer than a yard. 

A liter is a little larger than a quart. ^ . 

A kilbgram is a little heavier than two pounds. 

An inch is about 2/2 centimeters. - • 

Some common metric references may be helpful. 

1 white Cuisenair rod is a cubic centimeter. 
.1500 m is approximately 1 mile. , • 

- _ 1 plump raisin has a mass of about 1 g. 

• 1 nickel has a mass of about 5^. \ 
^ 0^ is the temperature at which water freezes. ^ 
lOO^C is the temperature at which water boils 
37°C is normal body temperature. ^ \ . 

1 J {^ut 1 quart) of water has a mass of 1 kg. / 
1 standard paper clip has a mass of about | g, ^ x ,ir««ct u 

A large pap«r clip is about 5 cm by 1 cm; a Wire diameter of 1 mm and a mass of almost 2 g. 

• °mTra:S Everyone *ould understand the relaribnshlp, amdhg rfemc units as re>«l^d b> 
the base ten nature of the metric system. 
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•-This section Is intended as a guide for instructors planning to conduct a metric workshop. 
Workshops may be planned for either teacher or nonteacher parfc.pants. 

The aim of "the workshop will be to" teach tje.'^f f ^r.^Th? CoS^^ 

"Hands-on" a'^ities should be featu-d-gene^^^^ ^"Jl 

* Instruments. ' • / 

Many resource pebple' are available fn Oregon who can assist by semng^ resource 



■ Community colleges (most likely the institution ^n your area) 
Colleges and universities 

Division of Continuing Education 

Intermediate %lucation Districts 

Oregon Science Teachers Association 
.Oregon Council of Teachers of Mathematics . 

Oregon Vocational Association 

Oregon System of Mathematics Education project 

Local school district Curriculum Specialists 

Oregon Museum of Science and Industry 

Business and industry representatives * 

State and Federal Agencies 

Local experts 



members of the SDEMetricCoordination Committee are: 

Ray Thiess, Specialist, ScienccEducation ^ 
Don Fineran, Specialist, Mathematics Education^ 
Ralph Little, Specialist, Vocational Education 

The four majdAeps listed below a're'^ggested.as key considerations for devdoping metric 
^ measurement woKkshops. 

a. Preliminary- Decisions . 

b. Organization 

c. Procedures \' 

d. Follow-up 

Spme decisions thelstmctor will need to m^ake ^hen planning th. workshop might include: 
1 Will the background of the metric system be covered briefly? 

2. How will justification for going metric be hand^e^^^^ CONTINUOUS NONGRADED 
3 What learning approach will be implemented-t^e cuin i iinuu 

rE/^UREMENT LEARNING APPROACH an.alte,rnat.ve? 
4. HoWwiirt^e factual conte,^t of ^^^^<-^^rjc^^^^^^ 

rifin p^S: ma^ematics, ~^ ^ ^'^^^ 

7. Will the workshop consider ways in which general pupiic 
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The Instructor will want to have a general plan of actbn prepared. Some Items for 
eonstderatEon are: / 

i- * ■ 

!• Purposes of the workshop o . . 

.a. Should instructor <md partfcfpants or a representative group of participants choose Imd' 
develop worksjiop obleptlves? 

b. Should a brief assessment of participant's knowledge of the present measurement System 
be admlnastered? (See sample assessmenl^uiitrufheirt attheend ofthlsscctlon onp. 13.) 
Which !evels of measurement learning should be stressed? - ^ 

d. Which concepts of measurement (length, massi area, volume, temperature) should be 
. developed? "'a 

e. How should the workshop be evaluated? Which fo?m(s) of evaluation will be most 
appropriate to the workshop partfcipants-^demonstration /Activities, questionnaires,- 
discussion, pre-lest-post-test, other? ^ ^ ^ 

f. -l51Iby|d provjsion be made for materials evaluation? - ^ \ 

g. Is ttie instmctor wSIJing to share the ^valuation of the workshop with the SDE Metric 
Coordinateon Committee in order that suggesttoslnay be incorporated in the resource 
handbook to be revised in the spring of 1975? 

2. lostructbnal Materials 

a. Have a suffic^nt qisantity to permit participants to work in groups of two. \, 
Use homemade materials or plan to have parifcipaerts make them. \ 

c. Plan a varieh^ of materials that" permits working with different measurem^enttunits at ' 
various learning levefs* 

3. Activities ^ ■ ' f f . ; , 

a. Select activities that will be interesting to the participants, 

b. Choose apcJroprilite^actsvities for the specificVoup in the workshop (primary teachers, 
elementary teachers, businessmen, homemakers, etc.) i ^ 

c. Use activities that participants can adapt fori^their own use (in their classrooms, atAivork, 
at home). • ' / i- - • 

4. Nitt^-gritties: time, place, room, tables, number ofparticipants, participant needs (teachina 
level, if appropriate). ? . ^ ^ 

5. Additional resource personnel who may be needed. (See **Resource Pedpje,** p, 9,) 

Consideration of the workshop procedif*^s should include : • 

■ • * .' ' 

1. Having every participant actively involved in all activities. (Groups of two are suggested.) 

2. Providing sufficient tinie for all participants to discuss and evaluate the activities. 

3. Relating each activity to appropriate learning level(s). 

4. Using sorne humor throughout and planning "interest' getters,** such as door prizes for 
"meritorious metricating, "ten-cent fines for using customary units in conversation, etc. 

Evaluation of the workshop may take the form of demonstration activities, questionnaires, 
discussion of the pre-test-post-test tec|iniqui&s. 

1. A very useful workshojS evaluation may be to ask participants to demonstrate competence ^ 
by writing activities which are appropriate to their own teaching leJVel and which illustrate 
the levels of the measurement learning approach on some measurement concept. This 
approach should provide materials that, teachers may take back for use in tfieir own 
classrooms. * , ^ 

2. The questionnaire might ask the participant to rate himself on a graduated rating scale to 
sh9w his level of understanding before and after the workshop^lt might also inctucle rating 
and comments on the effectiveness of the workshop, 

3. If discussion is the method used, the class may be interested in helping to decide how well 
the workshbp met the objectives previously developed. Further discussion, may concern the 
following ppints: ^ ' 

^Learning approach , ' ' 

Advantages of the metric system 
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Function of estimation ^- . - c^*^ 

•■Metric units and prefixes* " ' • ' 

Useful activities . \ 

Do you "THINI^ METRIC?" , ' 

4 A pre-test and a follow-up post-test may be used to compare 4^els JP^^pj''"'^^ 
. Jnd ?rthe workshop. Learning theory as well as content shouia^jba considered. ^ 

The following actl^y is offered as one example.^^^^ 

concept df Jsngth?^ ; . 

' ' " THE PAPER STRIP ACTIVITY - * . 

Actiort for "^ams of Two 



'Mater^J^ed to be prepared -^^['f-^: ^tredVStSu ^t' OnlTtht reT. 
neoDle 'With" four strips of paper equal \n length : 2 red, blue>amU yenow. wn», 
£ bluS thWellow^ripswillte p're-marketi in the following n^anner: 

* V t» . 



* ".^nit»» miKt he different from above, all\iifferent 
marked similarly but of different lengths among th& teams. 



] 



Activity A. Each team does the following: 

3. bS one >.rlp in,o ■he *.pe of a V. No>v wha, can be siilpabo,, .he lengtto of *e.w. 
4 Fo'r a circle. wi.h on. ^ sTip. No« whatcan be said abou. .he len^hs of ,he »o red 

' about the length of the "train" and the uncut red stnb? • 
Activity ff. Each team does the following: . 

cut the yellow and blue strips on the marks. Now using all the cut pieces of red. yellow and • 



° blue: 

1. Sort all pieces by color 



3. 'ror^^^e ^^^^^^^^^^^^ and make a new arrangement f.om longest to shortest. Label 
the longest a, the next b, and the . . pj^j 3,, oiher pieces whieb are the 

4. Mix all cut pieces into one p.le. Frnd f f ^ J ^^^^"^ ^e same for b and c. labeling 
same length as the strip labeled a and label eacn wiin aiw. u . , ^ » 
with 6 's and c's respectively. 
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Activity C. Each team continues to use tliefr rtiateria(s from activf ties. A and b/ ; . ' " " 

1 . Using tlie unmarked and uncut red strip, show how many o's will equal its length. How maily 
6i?,Can you show this-by using only? Why? ■ - 

2. Have teams determine if t^d a length can be measured only in terms of b, b length only in 
, terms ofc. Ask the team to demonstrate their conclusions. • • 

3. Using the ^unmarked red strip,^i&ve team members discover the number of ways that this 
strip length can be represented by using combinations of: b an^ c; a and c;a and b ' 

4. Instructor and teams iderttify as many objects to be measuredas there are teams, "identify ff. 
-as the mit of measurement for this activity. Have eachXeam measure all of thefbiects by 
using their owriff. Record tfie results for comparison with other team results%ote- A ' 
'discussion should follow that woul(j reveal that some telms have the same'(hopefullv<) 
numerical results, while other teams do not. ^ 

5. Have each team measure a smalt, a medium and a large object. Measure those objects three 
times, once m terms of o, once with b and once With c. Then discuss which unit, a, ^» ore 

to ^^e^the most convenient faj; measuring the small object, the large object. 

Activity D. Teams continue from Activities A, B and C. ' 

• * ■ ' \ ■ •* * " 

. 1. Present the teams with a hypothetical situation in Which an "order" for classroom carpeting 
IS to be placed with a farpet supplier via a teleplrone call. The teams wjll attempl'to 
communicate the room size in term,s of their previously chosen ff,* or c units to the carpef. 
supplier. • . . ■ <. ---Lt. \a 

2. VVhen the teams discover, that communications have br'okeri down due to the use of their 
chosen units, lead them to thfj standard unit concept. . V 

3. Introduce some standardunitsof length, (e.g. cm, m). ' v ' ■ " , • 

Activity E^ ^continuation of Activity D) - 

1. Have^the .teams measure the room using an^appropriate standard unit A discussion should ' 
reveal that all teams (opiimisticallyU have the same results. Teams will then complete their 1 

. carpeting order' using the telephpne and thereby discover that communication is now * 
possible. ^ ' . • , ''1 

a , , r • V* ^ 
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■SAMPLE 

ASSESSMENT 

INSTRUMENTS 



Ye Olde Familiar (?) Measurement 
- System 

Fill in tlie bfanks with the appropriate numb^ers. 



yOLUWE 



h 1 quart - 
2. 1 gallon = 
3. 1 barrel - 
4. 
5. 
6, 



pints 
quarts 
gallons 



1 gallon ^ 
1 peck = 
1 buShel = 



cubic inches 



12. 1 foot 

13. 1 yard 

14. 1 rod . 



quarts 
pecks 



inches 

feet 

yards 



LENGTH 



WEIGHT 



17. 1 dram =' 
^ 18. 1 ounce = 
19. 1 pound = 



-*grams 

- drams 

- ounces 



22; 1 square inch 
23. 1 square foot =- 
^ 24. 1 square yard » = - 



- ^uare foot 



AREA 



— square* inches 

— square inches 



7. 1 fluid ounce 
8; t fluid- ounce 

' 9. 1 pint^ 

10. 1 cup 

11.1 tabtespoon 



15; 1 mile 
16. 1 cha^ 



20. 1 ton (short) 

21. f ton (long) 



25. 1 "acre r 
^6. 1 square mile 



cubic inches 
. drams 
. fluid ounces 
.fluid ounces 
- teaspoons 



feet 
■ feet 



-pounds 
. pounds 



square feet 
• acres 



Scope 
24-26 
21-23 
18-20 
1.7- 



Evaluation Criteria 



Super geniu^. Any measurement system is your ba^l ^ . ^ - - 
Above aveFigc. You probably remember anniversaries, birthdays. 

Prettv cood \4ouVe ahead of the average beifT .^.u? 
sLrpriseTHaryou thought about switching? Or would you rather f.ght than sw.tch? 



ANSWERS 



1. 2 

2. 4 ■ 

3. 31-42 gallons 
4.231 

5. 8 

6. 4 

7. 1.804 



8. 8 

9. 16 

10. 8 

11. 3 

12. 12 

13. 3 

14. $yi 



15. 
16. 
17. 
18. 
19. 
20. 



5,280 

100 or 66 

27.344 

16 

16 

2,000 lbs. 



22. .007 

23. 144 

24. 1,296 

25. 43,560" 

26. 640 



21. -1.12 short tohs 



Note to instructor: The above assessment may permit participants to observe' that Jl) they do not know-all 
of L p ei sysU'^nd (2) yet they have been able to function. Hence, i t^ w I not be necessary for 
Lryone to learn all of the rtietric system' in order to function. Would you agree? 



ierJc 
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ACTIifiVlES 



This section of the resource handbook has teen developed as a. series of sanjpte pre- ^ 
measurement and measurement activities.. The suggested activities at each of the learnmgleyels 
may be used^as diagnosticractivities to determine the measurement Concept understandmg level 
of the learner, or as learning activities selected to meet identified needs of the learner.^ 

Thit^pprojich allov/s the teache^ to prescHbe the most -appropriate learning activities 
pro^ssing vertically (i.e., concept «to concept on a^W learning level) and/qr horizontaH^ 
(i e . learning level to learning level within agiven'measurement concept). {See chart on p. 2;) . 
In some instances a teaching j««vit^y represent both vertical" and horizontal progress^ 
involving two or more me^ytementconcepts. > ■ ^ „ * . ; 



It shouliako-ernoted that this handbook does not spell outspecific strategies for mtroducii^ 
^^hrmetric system itself, except to indicate that this may occur at the learning leVel referred to , 
as "standard unit." This placement 'suggests that introducing the metric system occurs as a 
response to a dixovered nejed for a^tandardizeji4init. '. - y ., ' 

' Even then, it is generally-recommended by mariy teachers that^)nly thoSe parts of th&metrip 
' system be introduced which are needed by the students at that point Jn .their deyelopment- 
- While stressing only the commonly used pr^ffxes,, the entire set of prefixes will be useful in ^ 
developing the base ten nattfre of the metric system. ' . a- 
' ' ■ . ■•* • • : ■ ' " . ■ ' ' v.: ■ 

Although- the fecommended approach to the teaching of measurement- is throu^any 
"hands-on" experiences, teachers wUI still need to make some decisions regarding the exteptof 
~ • -memori?atIoh (basfe units, lystem of prefiices, symbols), drill and practice. In general, the «. 
teaching of the metric system as a part of the rtiore basic area of the teacfling of measurement 
offers many options to teachers In choosing from- their petsonal collection of strategies, ^ 

i m'aterials and methods of evaluation. ' » 

' ■ . . • '\ " ' '■ 
« Ifie Jtumbering system used to Identify the suggested activities/Is rtot important in using the 
activities, but may make^ it easier to refer to specific activities when offering evaluation for the 
SDE Metric Coordination .Committee. The Roman numeral refers ta a measurement concept, ; 
th6 capitaUetter refers to one of the teaming levels, and the number, refers to an activity. ^ 

CONCEPT I: LENGTH 

LEARNING LEVEL A; CONSERVATION 

. ■ ■ • 

1. See "The Paper Strip Activity*' in the Workshop Section, pp. 1 1 for a series of activities,on 
length Involving all five learning levels, /X ' . ? 

2 Provide two strips (such as pap^r or string) which are about the same length. The learner is 
' asked if their lengths are the same (trim off, if necessary). Perform several experiments to see 

how bending, curving, f6lding, etc., influence the length. Then cut one strip into three pieces 
to determine how cutting influences the length. . ■ 

3 provide two sticks of about the same length. Place one on topi of the other but shifted a littfe 
td one side. Compare the lengths. Place-one stick farther from the viewer than the other. 

Compare the length. ^ " . ! 

. > ^. , • . ■ . • ' ■ ' . , ^ 

4. Determine which of two straight line segments represents a greater distance. Is the distancje 
between A and 8 the same if stanted? If one is vertical and one horizontal? If :an ob|ect ^s 
placed "|)etween** A^and B? ' ' 



5. Hm the learner form two identical rows of 1045 squat;es (pre-cut). He can establisli that 
m number of squares in each row is the same through a one-to-one correspondence. If the 

. squares in one' roiV are then placed in a pile, th& learner can be questioned 'with respect to 
the number of squares in4he pije compared to the number of squares in the rehiaining row. 

6. Markione ed^e of each square with short diagonal linqj. Then havfe the student arrange the 
- squaresrwith the colored margins to form a continuous straight line. The squares^could then 

■ ! '■e»''f3"8ed so that,the line forms a zig-zag pattern. Has the total length of the colored, line 
(jhangtid through rearrangement of the squares? ' ,\. 



4 
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7. Have learners demohstrata on a geo-board a number of diffei-ent shapes all having the same 
perimet«|r. (Strips, ribbon, string, etc., m^iy tfe substituted for .il^e rubber bands usually 

^* towers,- all using the sameiiumber and size of blocks; Have different teams 

. build.thetr towers on different levels (floor, tables, chairs, stairsteps, etc.) Discuss and 
comparethe heights of the towers. \ - r. v / , » lu 



CONCEPT I: LENGTH- , 

■■ • ' - . 

LEARNING LEVEL B: COMPARISON 

1. List some common properties other than size that can be used to compare objects; e.g 
prettiness, <:olor, texture, smell, taste, etc. Compare objects by thedegree of each property! 

^ Example: rose to a rose, daisy to a rose, dog to a horse, beach ball to a golf ball, a rock to a 
shell, etc. 

Z .Find a ribbon long enough to make a belt for yourself. Will a nbboftlong enough to make 
T^ ^^}^ match your height?. Using ribbon, string, or urimarked tape, find how many 
heads equal one waist? your height? one of your feet? how many "wrists" equal one 
heaidl? one waist? one ankle?. 

3. Measure the height of each student Thecicut individual strips of paper equal to the height of 
' l^^d®"^' Tape the strips to a walj with eac^ starting from the floor to' form a graph of 

heights of the students In the class. Rearrange strips In order from tallest to shortest 

4. Kec^ a graphic record to show the increasing height of plants as they grow. Paper strips cut 
to the plant's height may be used as vertical bars on a graph. 

Prepare a graphic record to show how tall everyone in your family is. Who is the tallest? 
Shortest? Where do>ou fit in? Arrange the recofd to show your family in order from^tallest 
. to shortest. You might even include pets. 

6. Measure animals (hamsters, gerbi(s, dogs, cats) to learn if a "measur,ing string*' or a 
"measuring stick" is better to measure height, length, tail, around the tummy, etc. Which 
animal is taller? longer? fatter? Measure the animal's cage. Is there room enough for him to 
sUnd up? lie down? stretch out? hide in a corner? 

7. Measure your shadow and measure your height using string. Which is longer? (Try this at 
diffen&nt times of the day.) Teams of three students measure each other's height, then 

^ arrange m order from shortest to tallest. Now measure their shadows. Arrange shadow 
/ lengths from shortest to longest " 
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8 ' Make direct comoarisons of two obiects by placing thew next to each othep; longer, shorter, 
^' Ser fS.T^^^^^^^ Compare ttlre^ objects by ^facing only two at a f'^;^^>^^^ 
oS StWUv) Make dbmparisons of two large objects which cannot J)e placed mxx to 
eSh oSe^^^^^^^^^ using a third o^ect wliich is snt^llSr. such^j.^^^^^^^^ • 

of paperunsiiiene^^^ (Thi* provides an mtroduct.on to the 

6i|nit concept.) ' ' ^ . • ■. 

CONCEPT I: * LENGTH ' . ' n 

LEARkNG LEVEL C: ' unit CONCEPT . V 

1. l-earners measure various distances by making lines (t>ain;)^o^ 

paper'clips/their own foot patterns, etc. (e,g,seven straws pia^^^^^ ° e5;™ed^^^^^ 
some distances Jby using only one otfject counted repeatedly -{e.g., one spaw itTOved and 
counted seven times)-. x . / . * . 

2 Bv steDDing off heel to toe ti heel. etc.. find your "foot" cbunt for yadous objects' or . 
fvy^HnirCut ou^a tS^ pattern of your foot and u4e this for measuring a. variety .tof 
. SS^h n3'i'S5^Sb4ed.)Compare;r 
' the Ss^hSe one person's hand, finger or foot as ^'cammpn unit, then follow th. same.. 
procediires.'Compare results. ^ \ v . ^ 

. .3. Each learner uses his "pace'-' to measure a variety of objects and shadows. Learners corr,f)are 

results. . •* ; ' ■ ■ \ ' \ 

• 4 Usina a stri^/g cut to match their height, ask students to find objecfs half as tall or twice as 
Sis fhemseW^s. Fold the string fa form halves, each "U" may become a "unit for 
measurihg other objects. - ' 

5 Estimate the length" of the chalkboard in terms of pencils, sticks, P^P^r .clips, books, papw 
fS heets of paper, linoleum tiles, erasers. etc.Then measure and verify the esf mat on^ 
? r; fS a£o5t the length of the chalkboard jn face to face conversation, or by. 

, telephone. Write a letter to someone telling them howjong the chalkboard IS. 

fi Th^ learner makes his own measuring "stick''\nd measuring "tape" by using his owfl choice 

Tstrurienls IS a variety of measurement activities. Have the learner compare his results to 
those of others. . ^ 

8. Mb«,r. large „b,ec,s in^.r.s a small basic 

- r'''.rpatt"bt™Lrra3 

the metric system-]! " : ■ ^ 

CONCEPT I: LENGTH ° • 

LEARNING LEVEJ- D: STANDARD UNIT 

foMoLglengths/« me^m: AB. AC. AD. AE. AF. AG. AH.AI. (Try FH, GH. HI.) 
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(This illustration is t ot to scale) 

(Use meter sticks or actual size drawings, not sctiled.down versions. The same activity may ' 
bedone with the points chosen along the millime|ter marks to*titilFze "thousandths,;* 

Jertafnln| meftric measurements: This activity prides an opportunity for some ^'guided 
discpvery excfcises iitijizlng; decimat-fraction riotatidn which, hopefully, takes advantage of 
previously learned mental shoct-cut.procedureS for multiplying or dividing decimals by 10 
100 and 1000. Some well seteeted exercises mai? lead the learner to observe two 
t^n j^or'^^''^^ change a metric measurement to smaller unite, multiply bylO, lOO or 
WOO, and (2) to change a metric measurement to larger units.'divfde by '10, 100, or 1000 
After discovermg this generalizatton, some follow-up exercis'es may be deigned qtilizing the 
decimal nature of the metrjc prefixes in order to guide learners to another general 
conclusionj i.e., "To rename metric measuremen;ts, write the digits so that the decimal point 
IS just to thc,right qf the digit in the column (fjlSejtof the-unit names;"€xamples: 



■ £■. 



E I i 

5 (7 9. 



E 
E 

1 



cm = 35.791 m 



Ja P 
E .1 E ' 

2- 4 6 ' 8 m = 2 468 tnm 



^E 



E 

.4 



E' 



E ■ ■ . - ■ ' ■ ' 

7 8 9 mm =^ 345 678.9 cm - 3 456.789' m = 3.456 789 km 



E 



E 

o 



3. Teachers have, used several forms of "expanded notation" in various ways to reinforce the 
place value concept of decimal numeration; an analogous procedure may be used to bring 
out the decimal feature of the metric system. ' 

Examples: 356 = 30(H5(H6 356 cm = J m+5 dm+6 cm ^ 
25.73 = 20+5+.7+.03 25.73^ = 2dam+5 m+7 dm+3 cm 

4- Mr. Boyd Henry* illustrates the idea of decimahpoint placement with a simple, 'mechanical 
procedure for changing from one metric unit to another by utilizing a staircase chart. Locate 
the original unit on one of the steps of the staircase. Count the steps to the new unit and 
move the decimal point that many steps in the same direction. 



kilo- 
unit 



hecto- 
unit 



deka- 
unit 

base unit 
(meter, liter, gram; 



345.67 cm = 3.4567 m 




* Teaching the Metric System, Boyd Henry, Weber Costello, Chicago, 1 974 
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5. Have 
mold 



ing, 



learners make their own m^ter orctentimeter ".stick" or "tape-by usinaunmarM 
learners maKe ineirowii ^^.^ _ They -may use their own m'strument m .a . 

f rf ^ Si .Save the learners compare their results m 



should eventually inciuqe iomc siim-"".-^ - 
^ ^';uMWisions. Perhaps In "estimation contest" may be held with team points for. 
closest estimation, second closest^ etc, • • ^ ^ 

CONCEPT I: LENGTH 

LEARNING LEVEtfE: APPLICATIONS v / 

estimates by.rrtejasurtni , ^; . ^ . y w ;; - 

* ' • -J' * i \;^^,.h of thP fntlowine^ length and Width of your forefinger, length : 

and the diameter of the^ wire. 
3: Measure the "boUn^^heighP of several different baits when dropped from several <lifferent. 

heights. , . . ■ V • 

4. Measure the heights of objects and feir shadows to discover a relationship. Then d.termin. ' 

the lieigh,t of other objects by measuring Its shadow. - , , ; ■ 

. sZ-Mystery Measurements" .contest: .^^^^^^ 
books, games. c?rds. f^^^^ 

(Depending on the iearn.ng level of the s ude^ W. area o Jium m y ^ j^^i/^eastiring 
Group 1: ^ * 



1^ 





Group k: Find the total perimeter of the letters. 
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^"£Slf "'-'^uT^ rectangles as you <an, such thaUhe perimeter of each is 20 cm and the 



n2 i Pf^fe^ab'y "sing,a foreign c^r, obtain a-niodel of it and the 

• new car brochure. Use your metric ruler to m'easure the mode 's wheel base fron ack re.r 
. ^ck. ;length. Width' and height. .Determine the. scale, then calculate thrd£siS o/t£ 

rwl car. Compare your remits to the specifications giverr in the new car brochure 



CONCEPT il; MASS ' 



LIARNING LEVEL A: doNSERVATlON • V 
V^*''^f 1'"^^^°*' one pan of a balance scale. Add obiectsirothe other nan 

Sv ^ mS-?n '"'.V^^^ l^^^^ snake into little pieces? Does it still bllance /tl^e 

• Ssli^^S^apanSU^^"'^^^ 

i Using a balance, the studehV will compare the mass of an'arbitrarny chosen unit against a- 
^V^C'^'^^^t^^'^ potato chips, ejc.) After O^AmSS^]- 
Remove ^the bag of >od,es» >^ the baf^nce and- crush the contenti (Careful With S 
th, bag. of "goqdiee to ■ |he Jgnee. Does it balance nAv^^v^X 

^ Adflftional activities; 7 ■ ' * • • o 

^' "^^^ °^ unpopped^oficorn with a chosen iioit of mass. 

■ nilnTnth K^'"'''^n"'' ^'l!'? * PO^rn including the kernels which did 

not pop to the balance. Does it balance now? ^ » (""u^m 

^ frSnh ''f ''K i" ' 'u"'"'""'' '^^^^ ^'^h a chosen iimt of mass. - 

' oL itbSSToW? " ^f^? '=o"ta.ner and its contents (now'Water!) to the balance. 



CONCEPT 11: MASS 

LEARNING LEVEL B: , COMPARrSON „ 

Provide each team of two students with a variety of small objegts to be hefted and compared 
for mass /weight). Find objects having about the same mass. By hefting, arrangPthe Xcts 
m order from tightest to heaviest. Verify the ordering by using a balance S 



1. 



2. First by lifting to estimate, then by using a balance scale, compare pairs of objects to 
determine which has greater mass. Some suggested pairs are: ten penniesSd teh dtS 200 
,kernels of unpopped and 200 kernels of popped popcorn; a bottle of glue and a I ke botSe 

- SL?'''.! " ' °' ^" ^PP'« ^ orange a banana an" a . 

tangarme; 5 potatoes and 5 onions; a baseball and a football; a Softball and a basketbaM 

^' nrl'nr/^n l""T''' ^r", ^"'u ^P'^" °^ "^"'"'"S' ^'^^ Or ruler about 40 cm ' 

cirtnn M'a^ J' T '"'"^^ ^'^^ ""^ °^ ""s from cottage chee« 

cartons, refngerator plastic containers or cutoff milk cartons; some string and masking tapf 
Cut the string mto 40 cm lengths and tape three strings to eachld.°Tape the threLltrhS 

irwr-niit'Vo ■ ' '''' °^ s'sP^nd th roi and 

ts two pans from a string and adjust the string back and forth until the rod is level then 

SL^TtSf/hi r-L"- ^^^^ P°^'^'^"-^«= y°"^ balance to compare the massof m ny 
different small objects being sure to compare them by estimation first. . 

*A$k science teacfjcfs where they get metric (cm2) graph paper 



CONPEPT Ih MASS, 

LEARNING LEVEL C: UNiT CONCEPT 



Use" the soda-straw balance to compare the mass of smal objects to some a^bitr^r.lych«^^ 
S of m«s OnTquantitotive measure learners may ma^e, is determmmg the mass of each 
^«Ll^nf nart of rflowe^^ (oSier measurements such SB length of stem and area of leaves 
S'Sri'dS °wWi ) ^^^^^^ *letermlne the mass of th* petal, place the petaLon 



salt 



SODA STRAW BALANCE 



Sewing fteedle 



Screw 
(fits snugly 
inside end 
of straw) 




Plastic microscope cover slip 
SodaStraw 



Biock of wood 
Rubber Band 



Glass microscope slide 



2 A collection of Iron washers of several sizes and with a number of ^asherso 
the Ses s needed. Some sKould be very other^ 

measure the mass of various small /ob ects in terms' of combmatiorts of washers, btudents. 
^ P^nhipm- Determine the masi of a rock irt Wms of an arbitrarily chosen unit^U^^^ 

unit If the rocic has the greater mass, more urjits wilt be needed. J^f*"^^^^"*^!^^™ 

fwSSngihernonL 

mSr- Continue subdividing until the . mass of the rock can be measured v^ith a 
combjnation of units created. • - 
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4. Mak<; a balance; Drill a hole in theexact center of a meter stick fora hook. Cut off two half 

S^h'JlV'IJ^' ^l^^lT "^"^ ^ Attach.strings to the corners. 

Tape these to the meter stick near each end and adjust them so that the stick will be level 
when suspended.-. Caveman bartering days*' may be enacted by teams of students 
representmg differtnt "tribes." Each tribe chooses a mass unlt-:examples are a marble, an 
\ eraser, a small book, selected stones, a box of thumb tacks, a pair of scissors, a block of 
wood, a measured volume of water or sand. (In all selections the'teams will need to have 
availab e a number of their mass units.) On the "fair-trade" bartering market e^w/ra/i/ei are 
the following mass comparisons: 2 units of rice = 3 units of beans =4 unitsofpotatoes= 1 
ujiit of yellow apples=l}4 units of red apples" 2}4 units of bananas = 3% units of 
'oranges = 4/a units of grapefruit. (Painted rocks of various colors will do.) Each tribe is given 

?^ Attempt to barter using the "equal values 

for different masses concept (no monetary system}). Since the tribes do not trust each 
ojer, each transaction is massed on each tribe's own balance using their own chosen units. 
When the tribes discover "world trade" is seriously hampered,, ask- a "council of the tribes" 
l^i^t'^jTT^'^'^f' unit. Provide supplies to all tribes which permit them to 
measure with the ' international" unit. After some transactions with the international unit, 
a discussion may bring eat advantages of having an "international" tinit 

CONCEPTII: MASS ' i . 

LEARNING LEVEL D: STANDARD UNIT 

1. Ask studcntito put cut-outs 9f the drawings below together tolbrm a bigH'M." Theedees 
that go together are marked with equal measMrements of mass. 




2. The mass^of i^^ter in a container may be determined by using a balance scale. The first step 
consll^ts of measuring the mass o^ an empty graduated container. The combined mass of the 
container and i measured volume of water is now deterrpined. Subtraction of these two 
values gives a measure of the water's mass. By using the above procedure, determine the 
^m' J-^I the^following volumes of water: 25 m?, ! I. 3 1, 250nii, ISOQml 
600 mf, 40 cm^, 2000 cm^,- An alternate "approach to this activity would have the student 
metmfnirtg the vojume of the water from a given mass of water. Encourage students to look 
forareTationshlp. , -e, im.^u^ 

3. Scavenger Hunt: Students are asked to find objects having a mass which matches various 
masses in a list by using a balance. Suggested list, which the teacher prepares in 

, advance by measuring the mass of a variety of objects: 

kg (the teacher) . • ' , 

kg (the unabridged dictlQ,nary) ' . . . / 

kg (achair) . :^ ,/^, ... ■;,.'■.■..'„■,. ,, 

kg concrete btock which happens to be nearby) 
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; kg (a bottle with almost 1 1 of water) 

* g (a math book) ^ / 

g (a chalkboard eraser) 
g (a spelling book) 
' " g (the apple on the teacher's desk) 

g (a metric ruler) 

g {an unsharpened pencil) * ^ 

are notasked to solve the problems!) / 
CONCEPT II: MASS ' ' / 

LEARNING LEVELS: APPLICATION ' | \ r 

1 Estimate first: then byuSing a balance scale find the actuift mass of maiy objects; such ^ 

S , ««" ^ fr- T'".foiife IT ■ 

parficular, call attention to the mass of 1 liter of ^MtiI, 0.5 1, M I, etcj 

awayO . , 

3. Collect a-variet, of dry f rS'lilfn'lti^^^^^ 

. may alsobe done withjaundry detergents, canned food, boxed candy, c... 

4. Provide one la.,, bag of unpopped po^om andjne.mall bj -^^^rf the"m^s5 

them. ' . 

or at "Open House." They could be sold as a money-makmg project. 

- - . . ■ . , • 

CONCEPT AREA - ^ 

LEARNING LEVEL A: CONSERVATION ' 

. Have the student ^;^^f^<^ Z^^^^^^^^^ 
. rit^sTr^itad^^^^^^^^^^ covered more of the table, the one 

remaining in a rectangle or the one that «ras rearranged. 
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2. Construct four different-shaped rectangular reglonsi eaeh of which has the s^me area of^4 
square yn!t$. This may be done on coordinate paper or on ageoboard* (To relate*to length, 
ask students to find the perimeter of each of their rectangles.) ' \ ' 

' * • ' ■ ■-. ' 

3- Proved© a student with 16 right triangles cut from paper all the same size aftd shape. Ask the 
student to put them in two piles so that each pile has the same number of triangles. Have the * 
student place the triangles froth one pile next to each other on the table so tiiat he^buifds 
some kind of "shape.'' Ask him to buiW a different shape with the triangles from the other 
pile» Do the two shapes have the same area? If the answer is **yesi" ask (ij for an oral 
(explanation, and (2) show they are the same by rearranging the triangles in one of tlie shapes 
to matdi the other shape, or by putting the triangles from one shape on topof ^le triangles 
. In the otii^r shape. 

4. The * 'Fields of Grass'* problem : - 1 

* ■• » - *■ -J ' ' 

Pasture A Pasture B A 



Pastures- A and B are the same area* The ttiree equal barns on pasture A when placed 
together are the same area as the. one barn on pasture B. Which pasture has more grassland? 
(lllustratiofib can be done with'^drawings; cut-outs, felt board, etc*} What would ymu do to 
prove your answer? . - ' o 



CONCEPT III: AREA 



LEARNING LEVELS: COMPARISON^ 

1. Have each student draw an outline around liis hand or foot on a piece of paper. Have him 
compare the size of his hand with the size of a classmate's hand. By holding the two outlines 
against a window pane, placing one over the other, students can accurately compare size of 
thetT hands or feet with those of their classmates* - . 

• • ' - v ' ^ ^ ' 

2. Distribute a picture to^each student. On the picture have^the student^circle some specific 
items; e.g., the largest:.ball, smallest .person or a smalt house. Next, have the student find 
larger or smaller items of the same km^ in other pictures. Have the student explain the 
choices to the group. ' 



3, The following activity involves comparison of area by counting how many small squares (or 
triangles) there are in the larger regions. The child should be given a -cardboard unit square 
and a cardboard unit triangle. He will place the measuring unit on.the drawings^ mark off the 
^ area by tracing aroun^ it with ? pencil, and count the number of units in each region. He 
then can order these-thre^ f eglo.ns'from smallest to largest or largest to smallest. 

Sample 1: ^ " , 



measuring unit 




Sample 2: 




me^sudng unit 






CONCEttTlH: AREA ^ 
LEARNING LEVEL C: UNIT COSCEPT 

1 Determine the area of a table top in terms of sheet$ of paper, linoleum, tiles/ erasers, 

books, towels, notebooks, blankets, etc. Discuss the advantages and- d.s- 
advantages of the various units used. * , 

2 Determine tU area of a table to^ in t^rms of rectangular sheets of paper, squares, triangles, 
SpJzoids. circles, pentagons, irregular shapes, etc. Discuss advantages and disadvantages of 
the various units used. « " ° • 

3 Determine the area of a table top. the floor, a notebook cover and. itie school grounds in 
■tefmsTolittlVuares^ large squares. Discuss the advantages and 
'disadvantages of the various units*B§^d. 

4. How many sheets of newspaper would be needed to paper the floor, or the^ Walls of the 
room? a football field? the school grounds? 

5 SuDDlv students with precut figures including various sires.of shapes appropriate to the 
feSs. jrassquares' rectangles, triangles, parallelograms, trapezo ds. c-rcj" ajji.^^^^^^ 
imbin^tions of these. The figures may or may not ut.l,ze whole ""'jber d jens.^^^^^ 
according to the needs of the group. The cupouts may be of cartod. t^SjJ^ff ' P'^^^^^ 
• ete Students also need graph paper. Ask students to Mioose a unrt of area and designate it - 
by ouflin Sr-oS unit" on their graph paper. Plaie the cut-out figures on the graph pape^ 
' 1 S 'round the various tes. Count the number of ^f'^ -^h.^^" ^fj^^^^^^^^ 
" each boundary. This will probacy create a problem for some discussion and decisions about 
a?DroxratS,T and the need for a comt^u unit. This also presents an opportunity for 
cStlSgT^hen counting. An alternate activity may be to ask students to outline or draw a 
number of shapes all Having the same are?. ^„ •, - 

fi E;,ch team of students selects an arbitrary nonstandard unit to measure the area of the floor 
Lftl^e^efof^rSer's desk top. Teams will decide If they .want to use the same sue 
ul Vo meS u°l S areas/After determining the two areas, each am w. I prepje a e^ter« 
h '"Hch they placeman order.to a supplier for carpeting and formica:The letters fl>eh be 
real ^he ofhe teams to see if'there is suitable fhformation to ^lt the or^^e^ 
SSdenVdTscover a lack of communication "(the need to use standard units). thefWiil be 
a^ked to develop a plan for rneeting the communication gap. . ^ 

CONCEPTHf: AREA 

LEARNING LEVEL D: STANDARD^JNIT 

1. Supply students with precut figures .including various size shapes appropriate to the k^^^ 
•such as squares, rectagles. triangles, parallelograms, trapezdids. c|rcles^ and irregu^^^^ 
. co^ibinatlons of ihese. The figures may or may not utilize whole number df'^en?"'^: Jbe 
cut-outs may be- of cardboard, tagboard. plastic, etc. Students also need grapb paper- 
Smeter scale. Ask students to outline a unifofl cm2, Place the cut-out figures on. the 
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graph *papf r jmd draw around the various shapes* Count the number of units «nelased by 
cach.boundarv* Students will be faced with somp approximating. Encourage the students to 
estimate before mt^sujing. A foUoWHip activity may be to ask students to develop 
mathematiai expressions which express the area in tenns of dimenstons; e.g., A I x w for 
the area of a rectangle. , • 

2. Centimeter graph paper Y^iil be needed. Students trace the outfine of^tWr hand on the 
paper, then find out how many square centimeters are covered by thefr hand. Discussion will 

, bring out some thinking about approximating. Trace around a cube on the graph paper and 
determine the area of one face of the cube. Odes it matter how you place the cube on the 
. graph paper? What is the totsd area of all fac^8s of the cube? 

3, Students may eojwttyet their own **area ruler" (area grid) to usi^or measuring area. 
Construct a centimeter scale grid on a-sheet of ^lear plastic, A unit is one of the squares^ 
T cm by 1 cm. By placing thfe sheet on vkfm\is drawings, the areas may be found by 
counting the squares within the bour?dary. The drawings may include s^yares, rectangles, 
triangles, parallelograms, trapezoids or combinations'bf these which form irregular sh^es. 



Thil activity involves Cuisenairc rods, but only 2 to 4 ''ten rods** and only 5 to 1$ "one 
rods*^ should be provided. Use the jrpds to discover a phn for finding the area of the bottom 
of several boxesjivhich are small pfttangles or squares whose dimensions are each SS cm or 
less. This activity may also be donesssdiji cardboarcj cutouts* Five to 15 squares 1 cm by 1 cm \ 
and 2 to 4 rectangles I cm by 10 jcm are needed. The small boxes may be used again or 
drawings^ of rectangles and squares will sct^. The more adventurous leaders may rise to the 
challenge of developing a p/an for determining the area of triangles, parallelograms, 
trapezoids, etc. • 



CONCEPTIII: AREA . | V 

LEARNING LEVEL E; APaiCATlON ^ - . 

1. Supply students with precut figures (or actual size drawings) including various sizes of shapes 
such a as squares, rectangles, triangles^ parallelograrns, trapezoids, circles ^nd jrr^^lar 
combinations of these. The figures may or may not Htilize wfiole number dimensions. The 
cut'outs may be cardboard, tagboard, plastic, etc. Students also need metric rulers,/ A 
decision must be made as to whether to provide formulas to the students. Ask the^students 
tameasurfjfie ftgutes, then calculiite the areas. A fbllow-up activity may be to ask students 
to construct as many recUngles as fJossible haying an area of 24 Cfn2 with a length which is a 

• whole nynroer of centimeters. Deterhfine and compare the perimeters of these rectangles^ 
Another follow-up activity may be to construct rectangles of the greatest possible area and 
the least possible area, each having a perimeter of 16 cm. 

2. Play ''Mystery Measurements^ game using area measur^ents. See directions in the 
length/application activity number 5/ (p. 19) « " i 



3. Each team of students will develop a redecorating plan for their classroqm. Choosing 

appropriate metric measuring devices and units, each team wilV measure and determine l^^ " - f j?^ 
materials needed to do the following;^ 1) carpet the floor, 2) paint the walls and ceiling,' ' ^- ■ 
3) prepare drapes for the windows^Jand 4) cover the teacher's desk and a classroom table • 
with formica. Try ''telephoning** their order for materials to another team to see if 
commui^ication is possible. • • . 

4v The student is asked to determine the area of an irregularly shaped object such as leaves of " " ■ ■ 

. various trees or shrubs. Find the mass of a sheet of graph paper. Determine the number of 
squares. on the page. Then calculate the mass for one square. Trace the leaf pattern on the . 
graph paper and cut it out. Now find the mass of the cut-out and compare it to the mass of 

one square l/j cfctcrhiine the ^number of squares covered by the leaf^ ^ 
confusion betwe/^n the quantities of mass and area when mass measurements are being used 
to determine areaj Compare the results /ound by this method to those determined by 
40(//i(//?^ the squares inside the outline of the^l^^^^ , ' . o 
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CONCEPT IV: VOLUME 

LEARNING LEVEL A: CONSERVATION 

1. Balance one group of blocks against a different group. Do the groups still balance if you 

. build one group into a tiouse? • ' * . 

2. Pour a quantity of liquid or sand from a short wide' glass into a taller, "f o^*'.; to^^^^^^ 
that the volume does not change when the shape is changed. A half^llon milk carton cut 

. off ara line aboutl0.3cm from the bottom and a one-quart milk carton cut off at the fold 
can be used. (Each will contain about t liter.) Pour from one container mUy the other. )ars 
.' anfl cartons of various shapes and sizes could also be used.. , 

3" Pour about 650 ml of colored water tnto.each of two containers which are the s^^ 
dS^pe F^ur tall narrow glasses and four short wide glasses or cups are also needed. . • 

' 1. Ask if the two con'tainers contain the same amount of water. Adjust, if nwessary, until 

" 2. PwSthe^^^^^ of the conuiners into'the four narrow glasses. Ask which is 

■ more the liquid in the four glasses or the liquid in the container.-, ^ i 
■ 3. Pour all the water from the four narrow glasses back Into the original container. Then 
pour all of it frorw that container into the four wide glasses. Ask which is more, the liquid 
C in the four glassefor the liquid in the conuiner. ' . * ■ u- u- . 

4. Pourall the liquid from theotherlargecontainerin^,th*fournarrowj^ 

set of glasses has more. Verify by pouring from each set of glasses back into the Wigmal 
conuiners aftd comparing again. ... 

4 Ask the student to predict wha't will happen when asolid cylinder of aluminum is submerged 
fca^ontainer oTSater and then re^aced with a solid ?y«'«l«^"">«'%°f ^^Ji; n"^^^^^^^^ 
^'fl^minder: 1. The cylinders mu^t always be the sane size f ^ ^•'apeja^^ecyl.^nd^^^^^ 
- be cut from rodsof different materials; e.g., aluminum, steel. P '^V^'"' "J^^,"^^^ 

. obtainable from local metal shops, luijiber yards and craft stores.) Verify the predictions. 

' V „ ■■" • . * ■ ' . ■ • . ^ 

CONCEPTIV: VOLUME 

. LEARNING LEVEL B: COMPARISON ' ' 

t Provide siiidenfe with a variety of conuiners' of different shapes, teachers may, wish to 
choo«f s zes to include 250 ri. 500 ml. 1 1. 1 pint ind 1 quart The conUinej may be, 
labeled A B C D and E respectivelV, .but the volumes should notbc indicated, Usmg sand 
or >I^^fo; rep;at.d%,Iing'^ ^Sring. a) order these five conuiners from larg^t to 
smallest, arid/or W discover which conteiners are equal to multiple amounts of a smairer 
container. / '. 

2 Provide students with hollow models of cubes, rectangular prisms, trian^larprismsj^^ 
E pyramids, cylinders, cones and spheres. (A funnel will also be helpful.lThrcubes and 
sqTarEC py'ramidS should have equal bases, and the length of their bases should^qua^^^ 
Sameters of the cylinder, cone and sphere. Compare the volumes of the 3-D fig«''« bV 
S w»h water.'sand, beans, etc.; and pouring into the other coniam^rs. Some students 
may discover several specific volume relationships among the models; 

' *' " ■ ■ - ■ ' ' ■ . •■■ ' 

CONCEPTIVj VOLUME 

LEARNf NG^LEVELC. UNIT CONCEPT . ^ 

1 Showke learner one conUiner with ^iven amount of water (three ^ fiyeMalfufs) and ask 
cletermine how many vialfuls w?re poured in. FiVst sUrf with fu I Vialftils then half . 
vialfuls,and finalit a number of various-sized conuiners ; 

2.-Determirte the volume of a box in terms of Iwoks. bricte, <=3"^y ^^^o^^-^^J'^^^ 
Sisenaire rods, cereal boxes, packing cases for refrigerators, etc. Discuss advantages to be 
\ained by a convenient choice. . ^ " • 



J. Determine the yolume of a box ih terms of toy blocks, golf or ping-pong balls, cahs/mUR 
carton*; perfume or pop bottles, cylindrical tile, etc. Discuss advaatages to be gained by a 
convenient choice. . ' . 



«> ■ 

4» Determine the volume of several different sized boxes, the room, or the gympasium in terms 
. , of Cuisenaire rods, toy blocks, middle-sized cubes, and large cubes. Discuss the/advantages to 
be gained by a convenient choice in each case. / / • 



5, Provide the following equipment: eye dropper/ one measuring spoon, three containers 
(small> medium, large), source of water. Using the eye dropper, find how many drops of 
water fill the measuring spoon. Calculate the number of drops of iwater required to fill the 
largest of Uje three containers. Pourings are penmitted, ExplaThn^^ the answer was 

. obtained. . o 



6. Formulas or recipes gmnm parts emphasize the need to select units of measure.^Students 
measure to m^e play-doh, bread dough, ^^ie5, punch, finger paipt, or papier-mfche. Such 



as: 



Chemical Garden 



1 part househofd ammonia \ , ^ 
3partswatir " 
3 parts table salt ^ 
3 parts bluing" \ - 
* 

Mix together and pour over rocks, sand, 
sponges, wood, or tits of brick. Spread out 
'^n a metaj tray* Let stand. Watch tiie 
crystals grow. 



Punch " ^ 

1 part fruit concert^trate r 
4 parts water ^ ' 
1 part sugar 

How much wilt tfie pitcher hold? Hqw many 
little cans of concentrate can be used $0 the 
" pitcher will be filled with punch? How many 
cans of Water will be needed? How much 
punch is needed to serve the class? Suppose 
everyone wants "seconds?'* Suppose/^ialf the 
class wants "seconds?" * • ^) 



CONCEPT IV: VOLUME 

LEARNING LEVEL D: STANDARD UNIT • , 

Provide each team with three or four bottles or jars of various sizes (100 mho tOOO m /)and 
shapes and also throw-aWay LV, bottles from the local hospital. (They are graduated one 
'liter bottles.) Ask students to observe the numbers and lines ori thel.V. bottles. They should 
frfkl numbers for , 100, 200^ 300, . . . lOOO, with a little mark between the hundred marks. 
\ Ask students what amounts are indicated by the little marte. Ask students what amounts are 
\ approximated when the water level is^ halfway between one of the little marks and the 
number marlcs on either side of it. Have studentsJist some of the amounts that can be 
r^jeasured with the LV. bottle; e.g., 600, 62S/6S0> 675, 700 . . . . What.metric dnit will be 
involved with the number 625? Now have the teams estimatq. the volume 0 their other 
bottles to the nearest 2 5 ml After their estimations are recorded (to ;the nearest 25 m/), 
team$ will use the I.V. bottles to verify the estimates. This activity could be an estimation 
contest With points awarded; so many team points for estimates within 25 ml, fewer team 
fSOints for estimates within SO ml, etc. 

2. Estiitiate tHe amou/it of liquid in partially filled containers of known volume. Give One 
estimate in liters and one in milliliters for each container. After estimates are recorded, 
measure by pouring into calibrated containers. This may be an estimation contest with team 
points determined on a scaJe of so many points for estimates within \l, 500 m/, 

. 10Oml.,.iOml 
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1 liter when full 




1 liter when^full 




SO ml wHeftfull 




lOliters-whenfull 



ISOOinl when full 
to^bgitom of neck 






200 m/ when full 



5 ml when full 



3 liters when full 




3. Determine the volume (in ml and in crn3) of objects by notmg the amount of wat6r 
di^nlaced by the obiecL The objects may be regular or irregular shapes made of mtwleling 
clay or other small, 5//7ftaWe objects. Estimate the volume of the objects in milliliters and in 
cubic centimeters. Verify the estimates by immersing the objects in water in a graduated 
container. Calculate the differejice in, the water I6vel to .find, the object s volume in 
miliiliters. Students may ilread^ know 1 cm3^of water is 1 ml, but^ if they .don t, some 
measurements of the regular objects may be used- to calculate^ the "pacity ift cubic 
centimeters. This result should be compared to the volume in milliliters. After discovering 

■ the relationship, the cubic centirneters in the irregular objects can be found easily: 

4 Estimation Contest: A set of calibrated measuring containers alld a colleaion of containers 
' of var\5ing sizes and shapfes will be needed. (Include bottles that contained shampoo, mouth 

* wash, hand lotion, detergents; ice box containers; jU syrup^hDttles;mi.^ cartons, etc. Some 
should be decorative (irregular), but some should have, a sittlpie more common shape 
Arrange the containers in pairs, so that within the pair the containers will have different 
volumes but not so different that it is obvious which, is larger. By estimation students guess 
which container in each paif has the greater volume. After recording their guesses, students 
will use the calibrated measuring containers to verify their guesses. A scoring system- may be 
usedf to determine the "Champion Guesstimater." , « 

5 Test Your Eye Game:" Materials include one graduated container, a set ^f three glasses 
' distinctly different in shape, a set of three bottles distinctly different in shape and an 

unmarked container capable of holding up to two-thirds of the capacity of the graduated 
container. Game procedure; (1) Put whatever amount of water you wish in the unmarked 
con ainer, (2) pour ail of that water into, the three glasses so that each glass has the^same 
amount. Pouring back and forth to adjust the amount is permitted if the graduated container 
is not used. (3) Check your result by pouring the water, one cup at a -^ime in^o_t^t 
graduated container. Record the results; next; play the same game using the set of three 
bottles. . 



6. Make a ctibfc decimeter by cutting out six squares each 10 cm by 10 cm and taping the 
squares together to form a cube. What is another name for the capacity of the cubic 
decimeter? Verify by filling ^our. cube with a quantity of beans which have been measured 
in a standard liter container. Ask students to find a way for measuring TOO cm3; 200 cm3, 
etc., using their asvndm3^ • * v " 

■ . " , 'A o ■•■ ■ ^ ■ , • r • ' 

CONCEPT IV: VOLUME 

LEARNING LEVEL e\ APPLICATION 

1,. Supply students with set of S'-D solids of various sizes and shapes such as tubes, rectangular 
^ prisms, triangujar prisms, spheres, cylinders, etc. Cardboard boxes of varying sizes and shapes 
' may also be used. Students need metric rulers. A decision must be made as to whether to 
p Arovide formulas to the students. Ask the students to measure the figures, then calculate the 
Volumes. (A review activity may be to ask students to determine the surface area. Another 
approach may b^ to ask students to draw on paper a "cover" for the entire J^D figure.) 

% Play "Mystery Measurements" game xising volume measurements. See directions for the 
length/applications Activity number 5, (p. 19) 

3. Students may Indirectly measure volume of an Irregular solid >ock. Pour water to a 
precfetermined point in a graduated cylinder* Record'' the predetermined level of the water. 
Immerse the rock In the water. Note* the change in water level and record the nev/level." 
Determine:the volume of the roddh milH^^^ / 

4. Asfe a team of six students, to divM^artmispecifi^^^^ (apjsroximately a half liter) of 
fruit juice e<iua1ly among the team^mimber^. Provide the team With (clean): (a) TOO ml 
graduated cylinder, (b)iamigradtiated cylinder, (c) a dropper, and (d) six cups of different 
sizes and shapes. Upon successfiil completion of the activity, permit the team to drink the 

: juice! ■■■ .* ■ * ' . * ■ /-^ ■y ■ - 

CONCEPT iV: TEMPERATURE 

1; Uise an ungraduated liquid-in^gfass thermometer to make arbitrary units of temperature. The * 
: ungraduated .thermometer may be ptacelj In a mixture of ice and water and ^hen in; a 
container bf boiling water. The two ''fixed" points should be marked on the thermometer 
stem. *ith a grease p^ncIL Subdivide the distance along the stem into equal "units*! between 
the l^o "fixed'* points,. Numbers may be assigned to-specify points on the scalei Keep in 
mind that mimber skills are needed here^the five- and six-year-olds may iise a color-coded 
temperature scale (SeQ diagram.). ^ 





Blue 



Orange. 



Green 



Yellow 



Red< 
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2. Hav& the learner measure the temperature of two pans of water. The temperature of the two 
pans should differ by about 1Q<*C. Then give the child a third pan of water that is still 
another temperature. By feeling the water the learner estimates the temperature of the water 
in each pan. Thelearner will o^Ser the three pans of water ftom the coolest to the warmest. 
Verification of the ordering is determined by the use of the student-made thermometer. 

3. Have students estimate the temperature by feeling, then by using a Celsius thermometer. 

^ : • • * 

V , ■ * . , • ^ 

Group 1: * cold tap water, hot tap water, ice water, ' \ j 

ice water with salt \ : . ' ' 

Group 2: ^ air, temperature m the classroom near the 

' celling, in .the ctessroom near the floor^ * . - \. 
surface of a radiator, hallway, outside tempera- 
ture in the sun, outside tei^rature in the 
shade, in a refrigerator, in a" freezer. ^ 

4. Recording the daily temperature could provide a use for the thermometer the student has 
made. The Celsius thermometer <;oufd be used instead; 

5 Ask students to use a~ Celsius thermometer to measure the temperature, of water at fiytf 
minute intervals. Place boiling water in, containers, such as£offee mug, styrdfoam cup, tin 
cup. aluminum pan, ther>nos jug, ordinary bowl, heaVy soup bowl. Let the wajer stand^take 
readings at five minute intervals and record the resuljs. Use- equal quantities 6f water. Graph 
the results, ^dict the results if you were to start with ice water. 
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The decision to "|o metric" is a major decision that Involves the total school distrijCt |pf 
success of a curriculum change of this scope depends on support and cooperation at all leve!!s^!| 
thedistrict. ■ ■. ■ ■ ■ ■ , , i 

While school systems have differing problems- related to the implementation of curri^uWttf 
changes, there are certain areas of concern that are common to all. The district superinten:®nt 
is the person who has the legal status to make curriculiim decisions. Therefore, it is4i1nit>ft^WC 
•that the superintendent and his administrative staff have a real t/rii/mwnc^/n^ of the f f6iect 
' including the demands on staff time and the tipst commitment involved; Some of the epi^'^Q 
be considered are: t) compensation of release time and/or money to properly implement the 
change; 12) needed consultant assistance;. 3)' appropriate In-service educati 
material requirements. ' . ' ■ 

"Going metric" is a decision that will involve the total school staff: principals, stipsfrVisors, 
custodians, bus drivers and cooks, as well as teachers and students. Common stpH^riented 
concerns are: 1 ) a lack of in-depth knowledge about curriculum goals; 2) apathy ; 3) jot?#^!tion 
to change usually because the need to qhange is not clea^J 4) a lack of process skilly; 5|a lack of 
exposure- to exemplary models; and 6) a lack of inVolvemeilt in the declMon-makfttgJjrocess. 
Many of these concerns can be afleviated by involving Mministrators, local curriculum 
specialists and teachers from all disciplines, K-12, on a curriculum committee that will develop 
^curriculum meeting local heeds. This kind of broadrbased committee will Streilgthen the 
interdisciplinary approach within the schdfbl program as it Uses this opportunity to^foqk at the 
present curriculum !(nd to make needed changes at air leve's^^^ ■ 

Community input may be gained through a district advisor/ . committee made up of the lay , 
public, school board members, parents and sttJdents. Such a committee will not oinly help plan 
the school curriculum, but also assess the needs of thtf general adult Rpnirnunity sn- 
recommend programs fordeveloping awareness and education. ■ -j,t^ -:i': 

To make a curriculum change like "going metric" successful, it seems essential not only to 
develop a curriculum that meets- local needs, but' also to construct a specific strategy for 
implementing it. This could include identifying all groups that wiirexperienee,tbe impact of the 
change, developing a hierarchy of responsibility of individuals involved ¥in the change, 
identifying the components of the program, constructing a timeline to be forfoweo, obtaining 
all required guides, materials and equipment before beginning, and above all, insuring that the 
philosophy ana objectives of the change are understood by all concerned.^^: ^,V' 

An important part of the preparation for "going metric" will be to insure tiiat all teachers are 
. familiar with and confident in using the metric system. The aforementioned curriculum 
committee can be of great assistance in anticipating in-service workshop needs and helping plan . 
the workshop. (It is encouraging to note that the experience in sopie districts suggests in-servicc 
programs on metrication do not need to be extensive in time or cosL) 'Identified needs to be 
met by the workshops may include some i)ackground in learning measurement theory, teaching 
measurement strategieib choice of teaching materials and/or factual^nformation. about the 
International Metric System.. * ^ '.| . 

Teaching measurement with* metric can be done effectively with relatively low-cost materials. 
Some metric instruments are needed, but one inherent advantage of the:"hands-on approach is 

• the opportunity to have students make their own measuring instrupients. Hence, two minimal 
lists of materials are suggested here. (A few textbooks and' a greater number^ofsupplementar>- 
printed materials presenting the metric systenf^re available now. Those-ysed as references for 
this handbook are-U^tfid in the bibliogi^aphy. The Oregon State Textbook Commission hw 
adopted a policy statement directing the revision of textbook selection criteria to be effected 

. fbr the November, 1976, adoptions. The revised criteria will call for;textbo9ks that present the 
metric system as the primary^measurement system.) ;^ 

Some commercial materials &sential for teaching measurement with metric are: 

Meter sticks, metric rulers, metric tape measures, metric trundle wheels, calipers; " 
Balance scale with set of metric weights (1 g to 1 kg), platform scale in metric; 
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Calibrated beaker^^^flask$^^ 

Set of hp?low geometrical models with metric dimensions^ 
Set of blocks with metric dimensions; 
Celsius thermometeri 
Metric graph paper; 
Cuisenaire rod$; ' - 
Funnels. 

. ■ ' •■ . ' ■■ * • . i ' . 

Some homemade or collected materials for assisting teaching mejasuremerit wl^ i^elrib jttirp^ . 
the -'hand wn'* approach mig^^^ ^ . . ^ 

, String, fibborv adding machine tape, maskinjj tipe» paper clips (large size preferrcdh sticks,^ 
molding, Xlowels^ straws, rcups, bottles, jars, cans* tubes, toy blocks, milk cartons^ ordinary 
water glasses* cotti^e cheese containers or other refrigeratof dishes, area pattern blpi^ks, 
newspapers, ^sheets of notebook or construction paper/floor tiles jinoleum bloc^iseobiw 
water (and sink), sand (and sand box), beans^ rice^ play doh, tnodeUng day, potatoes, 

Ih^ SDIE Metric eoordination Comm^ the opportunity ^ work a>ope^ativeJy on 

1974^75 pilot prpjects with local district people in a manner that will b$ of mutual benefit, this 
handbook is a worklngpaper and will be revised in th spring of 197S|The cooperative effort 
with a number of pilot projects will provide assistance from the SOE Metric Coordlna^^^ 
(lommittee to thc'^locai district in carrying out the Oregon lEibard* of Edtption poltey on the 
transition fo metri^j by assisting in curriculum develop planning, orfahizjnjg wor^^^ 

for teachers or general adult groups^ securing resource people t^ assist with workshops^ a^^ 
cooperatively dcvelojiing new activities or alternate approaches to te^^ 

At the same time this effort will give the local district an opportunity to ^1$t with th^ 
evaluation pf this working paper^ evaluate the suggested approach in teachinl'ri^ais^remen^^^ 
evaluate the suggested activities, help to develop new art identify additional persons Who 
may become respurce personhel In other districts and assist with local and statewide mi^tric 

■ - ■ -■ ■ • ^ . - ■ " ■ I '" , ■ ■ , ■ ' o ■ 

To become a teammate in this type of tooperath^emutual benefit pilqt projiecti^ contact any 
memberpftheSDE Metric Coordination Committee^ ' 



GLOSSARY 



DIRECT 
MEASUREMENT 



INDIRECT 
MEASUREMENT 



CONSERVATION 



QUALITATIVE 
COMPARISON . 

-QUANTITATIVE 
COMPARISON ' 

METER 



LITER 
KILOGRAM 



METRIC' 
PREFIXES 



A minimal glossary is presented. The handbook was written with"«nl^ technical terminology 
as possible. For the most part, metric terms are defined in the same-wntext in which they are 
used. ^ • ^ 

. • a 

A procedure for determining the measure of an object, its length, area, volume or md&s, by a 
counting process to obtain the number of units of length, the units of area, the umt^i of volume, 
or the units of mass, respectively; as opposed'td obtaining a measure by an analogous measure 
such as nieasuring the length of the mercucy column of a thermometer to determine 
temperature, . - 

procedure for determining the measure of an object,Jts length, area, volume or mass, by 
measuring jone property^df^one object to obtain the measure of a differcrrt property of ^ 
different objectfsuciv as an 'bdonieter *'counts" revolutions to determine linear distance; also, a 
procedure for determining the measm^of van ob|cc| through the use of formjulas ancl 
computational procedures. ' 

Preservation of lengthy, area, volimie or mass vi?hen objects arc changed by deformation, 
rearrangement, or partitioning; constancy of, a quantity* . 

Classifying (comparing) objects by noting the degree of a common property, such aiprettiness, 
hardness, texture, color, taste, smell, etc; premeasuremcnt clJ^ssification. 

Classifying (comparing) objects by size* - 



/ 



The basic unit of ^length in the metric system; defined as 1/650 763 J3 wave Ictigths in vacuum 
of the orange-red line* of the spectrum of kryptohgg* 

The basic unit of volume (capacity) in the metric system; defined as 1 000 cubic centimeters. 

The stanclard basic unit of mass in the metric system; based on a cylinder of platium-iridium 
alloy kept by the I nternational Bureau of Weights and Measures jn Paris; the mass of one liter of 
distilled water at 4^. ' 

In the metric system the value of the basic unit is changed by placing a prefix in front of it. 
The relationship of these quantities corresponds to the place values of the base ten numeration 
system. Some prefixes are used more commonly than od^rs. 



Greek 
prefixes 

Basic Unit 



tatin 
prefixes 



tera 
giga 
mega 

kilo (thousands 
hecto (hundreds 
deka (tens 

no prefix (one 



12 



deci 
cent! • 
milti 
micro 
nano 
pico 
fern to 
atto 



(tenths 

•^hundredths 

(thousandths 



to" 



10 



-2 



10 



'3 



10 



-6 



10 



10 



-12 



10 
10 



-15 



not commonly used 



not commonly used 



not commonly used 



not commonly used 



18 
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YOUR VI EWS ^RE IMPORTANT! After you resH ^nd examine this publiMtion, please forward your comments to the 
SSfn'^SSrof theSta'te Department of EdMCation. If you would rather ^^V^^P^^^^^f 
at378-3602 or 378-3S94Hn Salem. Or. for your convenience, this response form .s provided. A limited number of 
extrk copies of "Measurement with Metric" is available upon request . . 

PLEASE RESPOND so that your views can be considered as we plan future publications, Sinrtply cut outthe form, 
fold and mail it back to us* We want to hear fr6m y ou ! 



Did you read this publication? 

Completely 

>1ore than half 

r Less tlian half 

\_ Just skimmed 



Does this publication fulfill its purpose 
as stated in the preface or introduction? 



Completely 
Partly • 
Not at all 



Did you find this publication useful 
in your work? , 



Often 
Sometimes 
Seldom 
Never 



What type of work do you do? 



Classroom teacher 

Consultant to classroom teachers 

School administrator 

Other L 



Did you find the conter^t to be stated clearly and 
accur^t^ly? 



Always yes 
In general,.yes 
Ip general, no 
Always no 

Other r 



Were the cpntents presented in a convenient format? 



Very easy to use 
Fairly easy 
Fairly difficult 
Very difficult ^ 
Other : — 



Did you find this publication to be free of discrimination 
'or biased content towardsracial, ethnic, cultural and 
religious groups, or in terms of sex stereotyping? 



Yes, without reservations 
Yfes, with reservations 
No 

Other — \ i — 



What is your impression of the overall appearanq^ af. 
the publication (graphic art, style, type, etc.)? 



Would you recommend this publication to 
a colleague? 



Yes, without reservations 
Yes, with reservations 
No 

Other ^ 



Excellent 
Good 
Fair 
Poor ' 



^'Your evaluation of the suggested activities will be especially valuable in revising this handbook. Please refer to each 

actMrbrnum^^^^^^^ Sare comments regarding effectiveness, motivational ^^»"^;S?;.'aro^^^^^^ 

materials, contribution to bne or more learning levels, other. You may wish to suggest alternate or new activities wc 

hope!'* / * ^ 

"Your evaluation of this handbook as a guide for teacher workshops.." 
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